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the  preparation  of  a  comprehensive  report  of  the  Group’s  activities  and  the 
subject  matter  areas  that  it  dealt  with.  As  part  of  this  report,  Dr.  Vogel 
was  responsible  for  preparing  Chapter  3:  "Physiology  and  Measurement  of 
Physical  Fitness".  This  chapter  contained  the  first  known  comprehensive 
review  of  the  scientific  study  of  physical  fitness  in  military  forces.  It 
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to  the  military;  muscular  strength  (peak  power),  strength  endurance 
(anaerobic  power  capacity),  aerobic  capacity  and  body  composition. 
Methodologies  for  the  assessment  of  each  component  are  described  in  detail 
for  various  applications.  An  extensive  compilation  of  normitive  values  from 
western  military  forces  is  presented  for  each  component. 
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INTRODUCTION 

Definition  and  Components  of  Fitness 

The  ability  to  perform  physically  demanding  tasks  Is  a  function  of 
two  broad  factors:  a)  the  capacity  for  muscular  contraction  and  b)  the  neural 
control  of  body  movement.  The  latter,  which  may  be  referred  to  as  motor 
fitness.  Includes  the  components  of  neuromuscular  control  such  as 
coordination,  speed,  agility  and  skill.  The  first  factor,  commonly  referred 
to  as  physical  fitness,  represents  the  metabolic  or  energy  generating 
capacity  for  muscular  exercise.  In  this  context,  physical  fitness  can,  in 
turn,  logically  be  subdivided  Into  three  separate  categories  based  on  the 
three  sources  of  energy  for  muscular  contraction.  These  are  listed  in  Figure 
1 .  They  are:  a)  stored  energy  located  In  the  muscle  cell  mitochondria  in  the 
form  of  phosphogens,  that  is  adenosine  triphosphate  (ATP)  and  creatine 
phosphate  (CP),  b)  energy  in  the  form  of  additional  ATP  and  CP  that  is 
generated  by  the  anaerobic  process  of  glycolysis,  i.e.,  the  breakdown  of 
muscle-stored  glycogen  into  lactic  acid  and  c)  energy  resulting  from  the 
aerobic  metabolism  of  various  substrates,  referred  to  as  the  citric  acid 
cycle  and  respiratory  chain.  Because  of  the  kinetics  of  these  three  energy 
sources,  each  is  predominantly  associated  with  a  type  of  exercise  described 
by  its  intensity  and  duration.  Thus,  energy  from  stored  forms  is  associated 
with  maximal  contractions  lasting  only  several  seconds.  Energy  from 
anaerobic  glycolysis  occurs  in  very  heavy  exercise  lasting  less  than  one 
minute.  Aerobically  generated  energy  through  the  citric  acid  cycle  and 
respiratory  chain  is  associated  with  prolonged  exercise  of  a  submaximal 
intensity.  In  real  life  tasks  or  athletic  performance,  these  three  fitness 
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or  energy  generating  components  overlap,  that  Is,  most  tasks  involve  more 
than  one  energy  source.  Nevertheless,  they  can  be  separated  to  a  large 
extent  for  measurement  and  training.  These  three  components  of  fitness  or 
exercise  capacity  are  further  outlined  and  defined  in  Figure  2.  This  Figure 
is  not  meant  to  be  physiologically  perfect  but  merely  to  serve  as  a  guide  in 
facilitating  this  presentation. 

Relation  of  Fitness  to  Performance 

While  the  capacity  to  generate  energy  for  muscular  contraction  may 
be  considered  the  predominant  factor  for  military  physical  performance,  it 
must  be  considered  in  the  total  context  of  factors  which  influence  the 
serviceman's  performance  of  physically  demanding  aspects  of  his  job.  Figure 
3  is  an  attempt  to  list  other  factors  idiich  play  a  role,  some  of  which  will 
be  elaborated  upon  in  this  report. 

PEAK  ANAEROBIC  (ALACTIC)  POWER  -  STRENGTH 
Introduction 

As  defined  in  Figure  2,  this  section  will  discuss  the  physiology 
and  measurement  of  exercise  derived  primarily  from  stored  phosphogens  through 
a  splitting  process  to  release  energy  for  muscular  contraction,  i.e.  muscular 
strength.  It  may  also  be  referred  to  as  the  alactic  component  of  anaerobic 
energy  generation  in  order  to  separate  it  from  anaerobic  glycolysis  that 
results  in  lactate  formation.  Typical  military  tasks  that  consist  of  a  large 
strength  fitness  component  are  lifting,  pushing,  pulling,  throwing  and 
carrying  heavy  loads  for  short  distances.  Despite  great  advancements  in  the 
mechanization  and  automation  of  modern  warfare,  these  tasks  remain 
prominently  in  many  military  trades.  An  analysis  of  occupations  in  the  US 
Army  revealed,  for  example,  that  muscle  strength  is  a  primary  factor  in  the 
physical  demands  of  one-third  of  all  enlisted  occupations.  Currently  76  out 
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of  a  total  of  350  occupations  In  the  US  Army  possess  a  "very  heavy"  lifting 
requirement,  that  is,  the  ability  to  lift  in  excess  of  45  kg.  Many  questions 
remain  concerning  muscular  strength.  For  example,  what  are  the  upper  limits 
of  strength  capacity  in  reference  to  the  repetitive  lifting  capacity  of 
howitzer  crew  members;  and  how  can  lifting  capacity  be  improved  (trained)  if 
weight  resistance  equipment  is  unavailable? 

Determinants  of  Strength 

Factors  which  determine  the  strength  of  e...  individual  or  a  group 
of  muscles  fall  into  three  categories:  a)  morphologic,  b)  neurologic  and  c) 
metabolic. 

Morphologic  factors 

The  single  most  important  factor  related  to  strength  is  probably 
the  total  mass  of  muscle  involved  in  a  muscle  contraction.  Muscle  mass  or 
size  can  be  represented  by  its  cross-sectional  area.  Human  skeletal  muscle 
produces  approximately  6-10  kg  of  force  per  square  centimeter  of  muscle  cross 
sectional  area  in  both  men  and  women.  However,  the  absolute  force  generated 
will  vary  depending  on  the  arrangement  of  the  bony  levers  and  their  muscular 


attachments.  Thus  dimensional  or  biomechanical  considerations  come  into  play 
along  with  muscle  size  itself.  This  relation  between  mass  and  strength  is 
extended  to  the  whole  body  as  demonstrated  by  the  good  relationship  between 
maximum  lift  capacity  and  total  lean  body  mass,  r  -0.876,  (97)  as  shown  in 
Figure  4.  This  relationship  is  somewhat  exaggerated  by  combining  both 
genders  but  nevertheless  holds  up  well  for  the  male  population. 

Neurologic  factors 

Neurologic  factors  in  strength  or  force  development  refer  to  the 
neuromotor  control  of  movement  which  Includes  the  frequency  of  motor  unit 
firing,  synchrony  of  firing,  number  of  units  recruited  to  fire  and  the 
inhibition  of  the  antagonist  muscles.  The  production  of  maximal  force 
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(strength)  then  is  not  only  the  total  number  of  muscle  fibers  involved 
(muscle  mass)  but  how  their  involvement  is  timed  and  coordinated  and  the 
dimensions  of  the  levers  over  which  they  are  contracted.  Optimal  neuromotor 
control  is  acquired  through  practice. 

Metabolic  factors 

The  metabolic  aspect  of  strength  refers  to  the  chemical  makeup  and 
physiological  nature  of  muscle  fibers.  Human  muscle  contains  mainly  three 
types  of  fibers:  a)  type  I,  slow  twitch  oxidative,  b)  type  IIA,  fast  twitch- 
oxidative  glycolytic  and  c)  type  IIB,  fast  twitch-glycolytic.  Thus  these 
three  distinct  fiber  types  are  distinguished  on  the  basis  of  differences  in 
speed  of  contraction,  their  fatigue  characteristics  and  their  chemical 
makeup.  Relatively  speaking,  type  I  fibers  are  characterized  by  slow  speed 
of  contraction,  resistance  to  fatigue,  a  higher  lipid  and  lower  glycogen  and 
phosphogen  content,  higher  oxidative  enzyme  content  and  lower  glycolytic 
enzyme  content.  Type  IIB  fibers  exhibit  essentially  the  reverse 
characteristics:  fast  contraction  speed,  fast  onset  of  fatigue  and  contain 
predominantly  substrates  and  enzymes  for  anaerobic  glycolysis.  Type  IIA  or 
fast-oxidative-glycolytic  fibers  may  be  considered  intermediate  in  nature, 
having  a  fast  contraction  speed  but  also  containing  a  high  oxidative  enzyme 
makeup  of  their  mitochondria.  It  should  be  noted  that,  in  general,  the  two 
main  fiber  types,  I  and  II,  are  a  function  of  their  innervation  and  are 
genetically  determined,  not  changing  over  one’s  life  span.  The  average 
percentage  of  type  I  and  II  are  52  and  *<8X,  respectively. 

Strength  type  activities  (lift,  pull,  push)  are  characterized  by 
brief,  high  intensity  contractions  and  thus  would  primarily  involve  Type  II 
fibers.  Concomitantly,  individuals  with  a  high  proportion  of  Type  II  fast 
twitch  fibers  would  be  expected  to  develop  higher  levels  of  force  and  this  la 
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supported  by  the  finding  that  elite  strength  event  athletes  have  somewhat 
higher  fast  twitch  fiber  contents  than  the  average  (77).  Fiber  typing  can  to 
a  certain  extent  be  used  to  estimate  ones  potential  for  a  particular  type  of 
physical  activity. 

Measurements  of  Strength 
Introduction 

A  variety  of  methods  are  available  to  quantify  muscular  strength 
or  the  maximal  force/tension  that  is  generated  by  a  muscle  or  muscle  group. 
The  choice  is  based  on  such  factors  as  safety,  availability  of  equipment  and 
the  nature  of  activity  for  which  the  force  la  employed.  This  discussion  will 
include:  a)  field  methods  which  employ  only  the  body’s  weight  and  gravity  and 
b)  laboratory  or  in-door  methods  involving  equipment  which  records  force 
during  static  or  dynamic  contractions. 

Field  measurement 

Strictly  speaking,  our  armed  forces  do  not  typically  apply  any 
pure  measures  of  muscular  strength  during  evaluation  in  the  field.  Tests  such 
as  push-ups,  sit-ups,  pull  or  chin-ups,  etc.  are,  at  best,  a  combination  of 
strength  and  anaerobic  power  fitness.  Strength  is  best  quantified  as  the 
maximal  force  that  can  be  generated  in  a  brief  maximal  effort.  None  of  these 
tests  qualify.  Furthermore,  these  field  expedient  tests  often  do  not 
evaluate  the  muscle  groups  important  in  military  tasks.  For  example  in  the 
Army,  the  capacity  for  the  common  single  lift  task  has  virtually  no 
correlation  with  push-up  or  sit-up  performance  scores  (60).  These  common 
"strength"  tests  then  are  largely  a  motivator  and  marker  for  training  that 
are  easy  to  administer.  They  should  not  be  construed  as  a  true  measurement 
of  strength  or  a  measure  predictive  of  military  strength  tasks.  The  only 


attributes  are  ease  and  rapidity  of  administration,  universal  popularity  and 
access  to  a  large  body  of  reference  data. 


Some  examples  of  pure  strength  tests  suitable  for  field 


measurement  include  a)  vertical  jump,  b)  standing  broad  Jump  and  c)  medicine 
ball  throw.  With  some  minimal  equipment,  whole  body  strength  could  be 
measured  in  terms  of  the  maximum  weight  (weighted  box,  bag)  that  could  be 
lifted  to  a  certain  height  or  the  maximum  weight  that  could  be  pushed  or 
pulled  ( in  a  sled) . 

Laboratory  or  in-door  measurement  of  strength 
Introduction 

Laboratory  measurements  of  strength  can  be  divided  into  two  modes: 
a)  static  or  isometric  and  b)  dynamic.  Dynamic,  in  turn,  can  be  subdivided 
into  constant  mass  and  constant  velocity  modes.  All  of  these  have  different 
attributes  and  different  applications  with  no  one  mode  being  necessarily 
considered  superior.  Dynamic  procedures  would  seem  appropriate  in  most  cases 
since  many  military  tasks  are  dynamic  rather  than  static  in  nature. 
Isometric  procedures  gained  their  popularity  from  the  aspects  of  safety,  ease 
of  administration,  preciseness  of  quantification  and  minimal  equipment  needs. 
Isometric 

A  large  variety  of  isometric  measures  of  muscular  strength  have 
been  used  in  military  fitness  research  and  more  recently  in  operational 
testing  of  new  entrants  into  the  service.  Hermansen  (31~33)  has  reported 
the  Norwegian's  use  of  three  isometric  measures  of  strength  in  conscript 
screening:  a)  knee  extensions,  b)  elbow  flexion  and  extension  and  c)  trunk 
flexion  and  extension.  Based  on  their  work,  the  US  Army  evaluated  these 
measures  (78,^42)  as  well  as  handgrip  (7^)  and  a  38  cm  upright  pull  (^*4). 
Correlation  of  these  individual  tests  with  task  performance  is  questionable. 
Sharp,  et  al  (78)  did  report  that  handgrip,  38  cm  upright  pull  and  upper 
torso  downward  pull  were  good  predictors  of  lifting  capacity.  The  US  Navy 


reported  on  more  task  specific  isometric  tests  such  as  a  one  arm  pull  using 
spring  loaded  dynamometers  (76).  Both  the  US  (78)  and  the  Netherlands  (10) 
have  used  isometric  testing  in  research  and  screening  programs  but  there  has 
been  no  agreement  on  standardization  of  muscle  groups  or  test  protocol  (75). 
Bertina,  et  al  (8)  has  reported  that  a  test  angle  of  150  degrees  is  optimal 
for  the  isometric  knee  extension  test.  Ulmer,  et  al  (87)  reported  optimal 
conditions  for  isometric  elbow  flexion  strength.  The  best  current  example  of 
the  utilization  of  isometric  strength  tests  is  with  the  Netherland's 
"Assessment  of  Physical  Trainabllity"  entry  test  which  includes  isometric 
measurements  of  elbow  and  trunk  flexion  and  extension  and  knee  extension 
(10).  It  appears  safe  to  conclude  that  Isometric  testing  of  major  muscle 
groups  is  useful  in  evaluating  new  recruits/conscripts  for  overall 
generalized  strength. 

Dynamic 

The  dynamic  measurement  of  muscular  strength  refers  to  the  movement  of 
a  mass  or  exertion  against  resistance  through  a  range  of  motion.  This 
encompasses  the  long  used  "one  repetition  maximum",  referring  to  the  maximum 
weight  that  can  be  lifted  once,  usually  in  the  form  of  free  weights  such  as 
bar-bells.  In  addition  to  free  weights,  many  types  of  machines  are  now 
available  where  movable  weights  are  pushed  or  pulled  through  the  use  of 
cables  or  bars.  While  these  Instruments  are  becoming  common  for  training, 
they  are  not  often  used  for  testing.  However,  one  example  of  the  use  of  a 
dynamic  one  repetition  maximum  lift  test  is  the  current  "incremental  dynamic 
lift"  (57)  now  used  by  the  US  Army  and  Air  Force  for  entrance  occupational 
screening.  They  found  this  to  be  superior  to  isometric  tests  in  terms  of 
predicting  lifting  capacity  (60).  The  Margaria  stair  climb  test  (5>*)  also 
falls  into  this  category  of  a  dynamic  peak  power  test. 


Isokinetic 

The  most  recent  development  In  dynamic  muscular  strength  testing  is 
the  use  of  the  isokinetic  principle  -  the  measurement  of  maximal  force 
exertion  through  a  full  range  of  motion  while  velocity  of  the  contraction  is 
held  constant  (83).  The  Lumex  Corp.  Cybex  II  dynamometer,  originally 
designed  for  rehabilitation,  is  commonly  used  for  isokinetic  measurement  in 
research  settings  (7^).  Currently  appearing  on  the  market  are  computer- 
assisted  dynamometers  that  use  microprocessors  to  measure  and  control  ^orce, 
acceleration  and  velocity  at  various  speeds  and  movement  patterns. 

Peak  Power 

In  the  broad  category  of  muscular  strength  or  peak  anaerobic  power,  we 
should  also  include  tests  employing  dynamic  repetitive  contractions,  such  as 
can  be  performed  by  a  cycle  ergometer.  Thus  the  peak  power  output  generated 
during  the  first  5  seconds  of  maximal  cycling  in  the  Wingate  test  (7,24)  is  a 
measure  of  muscular  strength  in  that  it  is  a  quantification  of  the  available 
stored  phosphogens  (alactlc).  The  Wingate  test,  which  also  includes  a 
muscular  endurance  (lactic)  component,  is  described  in  the  section  on 
measurement  of  anaerobic  power  capacity.  The  peak  power  output  at  5  seconds 
correlates  well  with  muscle  strength  as  measured  by  the  isokinetic  peak 
torque  measure  (59). 

A  superior  repetitive  contraction  test  of  peak  anaerobic  power  is  the 
Brue  alactic  power  test  (Wmax  An)  (12,72).  This  procedure  determines  the 
peak  power  output  obtainable  during  a  series  of  very  brief  (3“5  secs) 
exercise  bouts  with  progressive  load  (resistance)  settings  to  maximal 
achievable  velocity.  Four  loads  are  normally  used  (8,10,12  and  14  kiloponds) 
with  the  subject  pedalling  to  peak  velocity  at  each  load.  A  three  minute 
rest  is  given  between  exercise  bouts.  Load  and  velocity  are  plotted  to 


obtain  the  peak  attainable  power  output  (Wmax  An).  This  value  Is 

consistently  higher  than  the  5  sec  peeU<  value  obtained  In  the  Wingate 
procedure.  The  cycle  ergometer  (Ergomeca  600)  designed  for  the  Wmax  An  teat, 
but  also  suitable  for  Wingate  and  aerobic  testing.  Is  shown  In  Figure  5.  It 
la  used  for  exercise  testing  In  the  French  Forces. 

Summary 

In  the  In-door  or  laboratory  testing  environment,  a  wide-range  of 
testing  modes  are  now  available.  The  method  of  choice  will  often  be  based  on 
the  time  available  for  testing  and  the  equipment  resources  available.  Within 
these  limitations,  strong  consideration  should  be  given  to  procedures  that 
closely  mimic  or  predict  the  tasks  for  which  the  measurements  are  being  made. 
Thus,  dynamic  testing  modes  will  no  doubt  become  more  popular  In  the  future 
and  replace  the  often  used  static  measures. 

Values  of  Strength  In  Military  Populations 
General 

Because  of  the  numerous  methods  and  variations  within  methods  of 
evaluating  muscular  strength,  a  comprehensive  picture  or  profile  of  strength 
In  military  forces  Is  almost  Impossible  to  obtain.  Little  attention  has  been 
given  to  describe  levels  of  muscular  strength  as  they  exist  In  the  military 
and  factors  which  Influence  them.  The  following  discussion  Is  limited  by 
these  constraints.  It  will  not  Include  "field  tests"  such  as  push-ups  and 
sit-ups  because  of  the  variation  In  their  administration. 

Gender 

Table  1  presents  a  compilation  of  isometric  strength  data  that  Is 
available  from  male  military  populations.  Table  2  adds  isokinetic  strength 


values  of  the  arm  and  leg  In  three  samples  of  Infantry  soldiers.  Table  3 
contrasts  male  and  female  strength  data  available  from  military  samples.  The 


TABLE  2  Isokinetic  muscle  strength  values  in 
military  populations.  Values  are  expr 


Table  3  Male-female  comparisons  of  muscle  strength  In  military  populations 


data  in  this  latter  table  suggests  a  rather  consistent  female-to-male  ratio 
of  between  0.60  and  0.70.  This  agrees  rather  well  with  Laubach's  review  (50) 
of  the  gender  comparison  in  strength  where  he  found  that  the  ratio  averaged 
0.56  for  upper  extremities, 0 .72  for  lower  extremities  and  0.6^4  for  trunk 
strength.  Pheasant  (71)  also  found  a  F/M  ratio  mean  of  0.6l  for  a  variety  of 
isometric  tests,  the  ratio  being  higher  in  the  lower  extremities.  This 
difference  in  strength  can  be  attributed  largely  to  differences  in  muscle 
mass.  If  strength  is  corrected  by  body  size  or  lean  body  mass  this  gender 
difference  largely  disappears.  The  finding  of  a  larger  ratio  in  the  lower 
body  is  explained  by  a  relative  lack  of  muscle  mass  and  use  of  the  muscles  of 
the  upper  body  in  females  as  compared  to  the  legs.  The  F/M  ratio  for  actual 
lifting  capacity  is  less  than  it  is  for  strength  (Table  il).  This  can  be 
explained  by  differences  in  biomechanics  between  the  genders. 

Age 

No  data  are  available  from  military  populations  concerning  changes 
with  age.  Larsson,  et  al  (i49)  showed  in  11il  male  civilians  that  both 
isometric  and  dynamic  strength  increased  up  to  the  third  decade,  remained 
constant  to  the  fifth  decade  and  thereafter  decreased  with  increasing  age. 
Peak  power  values 

Values  of  muscular  strength  or  peak  alactic  power  as  measured  by 
repetitive  contractions  (cycle  ergometer)  are  shown  in  Table  5. 

Strength  Training 
General 

Strength  can  be  increased  through  a  process  of  progressive 
resistance  training.  Thus,  as  the  muscle  becomes  stronger,  greater  weight  or 
resistance  must  be  applied  in  the  training  process  to  yield  continued 
improvements.  Furthermore,  it  is  well  known  that  a  very  high  intensity  (90- 
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1005t)  of  effort,  rather  than  a  prolonged  low  to  moderate  intensity  is  most 
effective  in  strength  development.  Training  with  resistances  of  80-90t  of 
maximum  is  most  effective  in  enhancing  muscle  hypertrophy,  a  primary  factor 
in  strength  development.  A  comprehensive  review  of  strength  training  has 
been  prepared  by  Atha  (5). 

Isometric 

Isometric  training  is  not  commonly  used  in  the  military  and  is 
generally  losing  popularity.  The  gains  in  strength  with  isometric  training 
appear  to  decrease  with  time  more  so  than  with  dynamic  training  and  are 
maximal  only  at  the  joint  angle  maintained  during  training. 

Dynamic 

Dynamic  training  of  an  isotonic  mode,  such  as  with  free  weights  or 
machine  weights  (such  as  a  "Universal  Gym"),  is  most  common.  General 
guidelines  would  Include:  a)  moderate  to  high  resistance  (70-90?  of  one  rep 
max),  b)  5-6  repetitions  per  set,  3-^  sets,  and  c)  short  rest  periods  between 
sets  (work:  rest  ratios  from  1:2  to  2:1). 

Isokinetic 

Isokinetic  training  refers  to  exercise  where  the  velocity  is 
maintained  constant  throughout  the  range  of  motion  through  the  use  of 
mechanical  or  computer  controlled  devices.  Despite  its  effectiveness,  its 
use  is  limited  because  of  the  relatively  high  cost  and  large  number  of 
machines  required  -  separate  machines  being  designed  specifically  for  each 
muscle  group. 

Military 

Strength  training  in  our  military  forces  does  not  always  receive 
the  attention  given  to  aerobic  training  although  there  are  exceptions  to 
this.  This  is  in  part  due  to  the:  a)  lack  of  appreciation  of  strength 
requirements  for  military  performance,  b)  lack  of  strength  training 
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equipment,  c)  lack  of  time  for  individualized  methods  or  attention,  d)  ease 
of  mass  administration  of  simple,  but  non-effective,  exercises,  and  e)  lack 
of  an  understanding  of  the  basic  principles  of  strength  training.  Large 
group  exercises  (calisthenics)  and  drills  (log,  rifle)  are  still  commonly 
used  but  are  likely  to  be  relatively  ineffective  in  enhancing  muscular 
strength.  In  the  military  setting  most  strength  is  probably  gained  from 
repetitively  doing  one's  job.  This  however  does  not  produce  a  "strength 
reserve"  for  the  emergency  situation  of  war-time.  This  lack  of  emphasis  on 
strength  training  is  further  illustrated  by  a  lack  of  research  reports  on 
this  topic  in  the  military  setting. 

C^ir cu2 1  training 

A  relatively  recent  advancement  in  strength  training  is  referred 
to  as  "circuit  weight"  training.  It  is  characterized  by  the  trainee 
proceeding  through  a  series  of  weight  stations  consisting  of  free  weights, 
isotonic  and  isokinetic  machi-nes.  By  rapidly  moving  from  one  station  to  the 
next,  it  is  believed  that  gains  can  also  be  elicited  in  muscular  endurance 
and  aerobic  capacity  as  well  as  strength.  It  generally  consists  of 
relatively  low  resistance  (50-60?  of  one  rep  max),  12-20  repetitions  and 
minimal  rest  periods  between  sets  (10-20  secs).  Marcinik,  et  al  (52,53)  have 
contrasted  such  circuit  weight  training  schemes  in  Navy  men  and  women  with 
aerobic-calisthenic  type  programs.  In  men,  the  circuit  program  produced 
significantly  greater  dynamic  muscular  strength  and  strength  endurance 
changes  than  a  standard  calisthenlc  program.  Similar  findings  were  found  in 
women. 

Summary 

It  is  evident  that  mass  calisthenlc  exercises  of  the  type  often 
used  in  the  military  are  Ineffectual  in  enhancing  muscular  strength.  The  use 
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of  individualized  progressive  weight  resistance  is  necessary  for  time 
efficient  strength  training.  Weight  machines  (movement  of  weight  through  the 
aid  of  cables,  levers  or  cams)  are  not  required  but  external  weight  in  the 
form  of  bar  bells,  weighted  boxes  or  objects  or  resistance  provided  by 
another  person  is  necessary. 

ANAEROBIC  POWER 
Introduction 

This  section  will  discuss  the  physiology  and  measurement  of 
anaerobic  power  as  defined  in  the  Introduction  to  this  report.  The  term 
anaerobic  power  capacity  will  be  used  synonymously  with  muscular  endurance 
and  refers  to  that  aspect  of  exercise  capacity  characterized  by  brief  (5  to 
60  sec)  high  intensity  effort  which  derives  its  energy  primarily  from 
anaerobic  glycolysis.  In  contrast  to  strength  and  aerobic  capacity  this 
component  is  a  much  less  well  characterized  area  of  exercise  capacity  due  to 
the  inherent  difficulties  in  its  study.  For  the  same  reason,  much  less  has 
been  done  in  the  area  of  measurement,  population  values  and  response  to 
training,  especially  in  military  personnel. 

Determinants  of  Anaerobic  Power 
Muscle  fiber 

The  ability  to  sustain  a  high  Intensity  constant  (isometric)  or 
repetitive  (dynamic)  muscular  task  for  periods  of  5  to  60  seconds  will  depend 
on  a)  the  mass  and  nature  (fiber  type)  of  muscles  Involved  and  b)  the 
capacity  of  anaerobic  pathways  for  glycolysis  within  these  muscle  fibers.  As 
discussed  earlier,  a  high  ratio  of  Type  II  fast  twitch  fibers  will  favor  a 
high  anaerobic  power.  The  relationship  between  a  high  percentage  of  fast 
twitch  fibers  and  anaerobic  power  production  has  been  reported  by  Bar-Or,  et 
al  (6)  and  Bosco,  et  al  (11). 
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Metabolic  profile 


Metabolically,  anaerobic  power  is  related  to  the  ability  to 
convert  glycogen  to  lactic  and  pyruvic  acid  and,  at  the  same  time,  tolerate 
the  increased  acidity  due  to  their  accumulation.  Thus,  as  one  Improves 
anaerobic  power  through  training,  the  following  changes  take  place;  a) 
increases  in  glycolytic  enzyme  content  of  the  muscle  (e.g.  lactic 
dehydrogenase,  hexoklnase,  phosphofructokinase) ,  b)  Increased  levels  of 
substrates  -  glycogen  and  phosphogens,  and  c)  enhanced  tolerance  for  lactic 
acid  levels  in  the  muscle  fiber  and  greater  ability  to  convert  lactic  acid. 
Gollnick  and  Hermansen  (27)  have  reviewed  this  topic. 

Measurement  of  Anaerobic  Power  Capacity 
Introduction 

As  compared  to  strength  and  aerobic  capacity,  our  ability  to 
quantify  anaerobic  power  is  much  less  precise  and,  until  recently,  has  been 
largely  Ignored  in  the  laboratory.  This  stems  from  the  fact  that  it  is 
impossible  to  isolate  out  this  component  as  is  possible  with  the  other  two 
fitness  components.  Earlier  efforts  to  use  oxygen  debt  and  lactic  acid 
accumulation  for  quantification  of  anaerobic  power  have  not  been 
satisfactory.  Thus,  we  are  left  with  "performance"  measures  -  measures  of 
the  maximum  power  output  that  can  be  generated  in  a  specific  time  and 
activity  that  coincide  predominantly  with  energy  derived  from  glycolysis. 
Therefore,  the  criterion  for  developing  such  a  test  would  be  very  high 
intensity  for  periods  lasting  10-60  secs. 

Field  measurement 

A  sprint  run  test  qualifies  as  an  anaerobic  power  test.  A  140-60 
second  maximum  sprint  or  a  100-200  meter  sprint  would  be  typical  tests  that 


body  events  of  anaerobic  power  capacity.  Push-ups,  chin-ups  and  sit-ups  are 
also  tests  of  muscular  endurance  of  specific  muscle  groups. 

Laboratory  or  in-door  measurement 
I sokinetic  fatigue  test 

Several  anaerobic  power  capacity  tests  have  recently  been 
developed  using  laboratory  ergometers  or  dynamometers.  These  give  better 
precision  and  reliability  than  can  often  be  achieved  in  the  field 
measurements  Just  mentioned.  The  first  of  these  is  referred  to  as  the 
isokinetic  fatigue  teat  as  developed  by  Thorstensson  (83).  It  uses  50 
repeated  maximal  isokinetic  contractions  performed  in  60  seconds  at  an 
angular  velocity  of  180®  per  second.  The  average  torque  and  rate  of  torque 
decline  are  utilized  as  quantifiable  parameters. 

Wingate  test 

A  second  teat  (Wingate  test)  uses  a  cycle  ergometer  (7,2^).  The 
ergometer,  after  abrupt  application  of  the  resistance,  is  pedalled  or  cranked 
at  maximal  possible  revolutions  for  thirty  seconds.  Power  output  is 
calculated  for  the  mean  of  30  seconds  as  well  as  the  rate  of  decrease.  This 
procedure  can  be  used  for  both  leg  pedalling  and  arm  cranking.  It  has  a  good 
correlation  with  the  Thorstensson  fatigue  test  (59).  The  Wingate  test  is 
illustrated  in  Figure  6.  It  should  be  pointed  out  that  the  Wingate  anaerobic 
test,  that  is  the  mean  power  output  over  30  seconds,  also  includes  the 
phosphogen  alactic  component  and  therefore  is  not  a  pure  glycolytic  or  lactic 
component  test. 

Isometric  endurance  time 

A  commonly  employed  test  of  muscular  endurnace  that  may  fall  into 
the  category  of  anaerobic  power  is  a  measure  of  isometric  endurance  time. 
The  procedure  typically  records  the  time  that  an  individual  can  maintain  some 
percentage  of  maximal  isometric  force,  usually  between  50  and  75%  (13a,  87). 
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Whether  this  measure  is  a  true  reflection  of  anaerobic  power  potential  of  the 
involved  muscles  or  whether  it  is  complicated  by  the  restricted  blood  flow  to 
the  muscles  that  occurs  with  static  contractions  can  be  questioned.  The 
circulatory  responses  to  these  type  of  measures  are  well  know  (5a,  70a). 
Values  of  Anaerobic  Power  Capacity  in  Military  Populations. 

Two  reports  have  been  found,  that  by  Murphy,  et  al  (59)  in  3^ 
infantry  soldiers  and  by  Patton  and  Duggan  (66)  in  15  British  soldiers. 
Values  from  these  studies  for  the  Wingate  upper  and  lower  body  and  the 
Thorstensson  isokinetic  fatigue  test  for  the  arm  and  leg  are  given  in  Table 
6. 

Anaerobic  Power  Training 

Fitness  training  for  improving  anaerobic  power  is  typically 
carried  out  in  the  form  of  high  intensity  interval  training.  This  mode  of 
training  is  a  series  of  repeated  bouts  of  exercise  alternated  with  periods  of 
relief.  In  this  case,  the  periods  of  exercise  are  of  a  very  high  Intensity 
so  that  the  anaerobic  metabolic  pathways  are  engaged.  The  rests  or  relief 
periods  enable  one  to  repeatedly  load  the  anaerobic  system  without  achieving 
complete  exhaustion.  Such  a  training  scheme  builds  a  tolerance  to 

accumulated  lactic  acid.  For  example,  one  would  sprint  near  maximum  for  one 
minute  followed  by  3  minutes  of  recovery.  Several  repetitions  of  this  cycle 
causes  lactate  to  "stack  up"  and  force  the  muscles  to  accommodate  to  these 
high  lactate  concentrations.  Research  on  anaerobic  power  training  in  the 
military  setting  has  not  been  reported. 

AEROBIC  POWER 
Introduction 


The  last  to  be  discussed  but  the  best  understood  component  of 


physical  fitness  is  that  of  aerobic  power.  Despite  mechanization  and  the 
fact  that  our  military  forces  often  ride  or  fly  to  their  destination,  the 

vast  majority  of  daily  military  tasks  probably  fall  into  this  category.  This 

component  of  fitness  is  most  often  studied  because  it  can  readily  be  isolated 
from  the  other  components.  Its  emphasis  in  the  military  is  due  not  only  to 
its  relationship  to  many  military  tasks  but  also  to  its  use  for  health 
maintenance,  body  weight  control,  building  of  unit  esprit  and  the  fact  that 
it  is  simple  to  administer  and  requires  no  equipment.  The  benefit  of  aerobic 
fitness  and  the  gains  achieved  by  increasing  aerobic  capacity  through 
physical  training  must  be  emphasized  in  our  military  forces  today. 
Determinants  of  aerobic  power 
Introduction 

The  capacity  to  generate  energy  through  the  aerobic  (citric  acid) 

metabolic  pathway  is  a  function  of  the  various  components  of  the  oxygen 

transport  system.  This  begins  with  pulmonary  ventilation  and  ends  with 
oxidation  of  substrates  in  the  mitochondria.  The  rate  limiting  component 
along  this  chain  may  vary  depending  upon  the  existing  conditions  but  usually 
is  thought  to  be  the  heart's  pumping  capacity,  cardiac  output.  This  topic  is 
reviewed  by  Kaljser  (39). 

Central  factors 

To  begin  the  aerobic  process,  oxygen  must  be  brought  into  the 
lung's  alveoli  and  the  gas  diffused  to  the  hemoglobin  of  the  circulating 
erythrocytes.  Neither  of  these  steps  appear  to  be  limiting  factors  in 
healthy  individuals.  There  is  no  evidence  that  minute  ventilation  reaches  a 
plateau,  in  fact,  it  continues  to  increase  exponentially  with  increasing 
exercise  intensity.  Near  complete  oxygen  saturation  of  the  arterial  blood. 


even  at  maximum  exercise,  suggests  that  this  step  is  also  not  limiting  to 
aerobic  capacity  in  healthy  individuals. 


The  next  step  In  the  aerobic  transport  process  is  the  pumping 
action  of  the  heart  to  deliver  blood  to  the  exercising  muscles.  This  action, 
or  cardiac  ouput  (total  blood  flow  per  minute),  is  a  product  of  the  heart 
beat  frequency  (heart  rate)  and  the  stroke  volume  of  each  heart  contraction. 
It  has  been  shown  that  cardiac  output  does  reach  a  limit  that  coincides  with 
maximal  exertion  and  maximal  oxygen  delivery.  Heart  rate  and  cardiac  output 
show  a  tendency  to  level  off  as  maximal  oxygen  transport  (maximal  oxygen 
uptake)  is  achieved.  The  maximal  cardiac  output  that  can  be  achieved  la 
essentially  a  function  of  the  size  of  the  stroke  volume  of  that  individual. 
Peripheral  factors 

Local  blood  flow  to  the  exercising  muscles  Is  a  function  of 
cardiac  output,  vasomotor  control  of  peripheral  resistance  and  the  anatomical 
size  of  the  vascular  bed.  Mounting  evidence  suggests  that  muscles  are 
capable  of  much  higher  flow  rates  than  they  normally  receive,  again 
suggesting  that  cardiac  output  is  the  primary  determinant  of  oxygen  transport 
and  therefore  of  aerobic  capacity.  An  exception  to  this  may  be  when  a 
limited  muscle  mass  is  involved  in  which  case  oxygen  extraction  is  limiting 
rather  than  cardiac  output. 

An  alternative  to  cardiac  output  being  the  primary  determinant  is 
the  oxidative  capacity  of  the  muscle  cells  to  utilize  the  delivered  oxygen 
for  substrate  oxidation  to  replenish  phosphogens.  Thus,  the  number  and  size 
of  mitochondria  and  their  concentration  of  the  enzymes  of  the  respiratory 
chain  could  be  the  rate  limiting  factor  of  aerobic  capacity.  Even  though 
this  controversy  continues,  the  majority  of  evidence  supports  the  contention 
that  in  the  healthy  exercising  human,  blood  flow  delivery  to  the  muscles 
(cardiac  output)  is  the  main  determinant  of  one's  aerobic  fitness  level. 


Measurement  of  Aerobic  Power  and  Performance 
Introduction 

The  development  and  validation  of  methods  for  both  the  actual  and 
predictive  measurement  of  aerobic  capacity  have  been  very  extensive.  Yet 
because  of  the  key  role  of  aerobic  fitness  In  both  Job  performance  and  health 
promotion,  extensive  activity  continues  in  the  refinement  and  description  of 
techniques  for  this  purpose.  While  actual  measurement  (collection  and 
analyses  of  expired  gases)  of  maximal  oxygen  uptake  during  progressive 
treadmill  or  cycle  ergometer  exercise  is  considered  the  "gold  standard" 
measurement  of  aerobic  capacity,  there  are  many  occasions  where  this 
technique  cannot  be  applied  and  a  predictive  procedure  is  called  for.  Both 
will  be  discussed  in  this  section. 

Measurement  of  Aerobic  Power 

The  internationally  accepted  procedure  for  determining  aerobic 
power  is  the  measurement  of  maximal  oxygen  uptake.  This  is  defined  as  the 
point  (in  a  progressive  exercise  test)  in  which  oxygen  uptake  no  longer 
increases  despite  an  increase  in  exercise  intensity  (82,58).  Most 
laboratories  use  a  criterion  of  not  more  than  1. 5-2.0  ml*kg  ^'min  ^  per 
incremental  increase  in  exercise  intensity  (such  as  a  2  percent  treadmill 
grade  increase).  The  choice  of  the  treadmill  or  cycle  ergometer  is  based  on 
tradition  and  availability  of  equipment.  The  treadmill  does  produce  higher 
maximal  0^  uptake  values  (3*<).  avoids  the  possibility  of  local  muscle  fatigue 
becoming  limiting  as  can  be  the  case  with  cycle  ergometer  exercise  and,  of 
course,  is  a  mode  of  exercise  more  common  to  military  activities  than  is 
cycling.  Cycles  offer  the  advantage  of  providing  precise  information 
concc.  ning  the  load  being  applied  but  this  is  not  necessary  information  for 
the  actual  determination  of  maximal  0^  uptake.  Another  variation  in 


procedure  is  whether  the  sequential  loads  are  applied  separately  with 
intervening  rest  periods  or  applied  in  a  continuous  step  or  ramp  scheme  (81). 
The  separate  or  Interrupted  procedure  is  recommended  if  time  is  available  as 
it  yields  slightly  higher  values,  more  comfortable  for  the  subject  and 
therefore  easier  to  gain  subject  cooperation,  and  minimizes  complication  from 
other  factors  such  as  local  muscle  fatigue. 

Estimation  of  Aerobic  Power 
Introduction 

The  majority  of  current  methods  used  to  estimate  or  predict 
maximal  oxygen  uptake  (without  actual  measurement  of  oxygen  uptake)  are  based 
on  the  heart  rate  response  to  submaximal  exercise  (55).  It  is  well 
established  that  heart  rate  increases  in  a  nearly  linear  fashion  with 
increasing  exercise  Intensity  until  the  individual's  maximum  rate  is  reached. 
Since  maximum  rate  is  closely  related  to  age,  and  the  oxygen  uptake  - 
exercise  intensity  relationship  is  quite  consistent,  then  the  determination 
of  submaximal  heart  rate  can  be  used  to  estimate,  by  extrapolation,  the 
oxygen  uptake  that  would  occur  at  maximal  heart  rate.  This  procedure  is 
depicted  in  Figure  7.  The  position  and  slope  of  the  HRrVO^  plot  is  a 
function  of  aerobic  capacity,  shifting  to  the  right  with  increasing  capacity. 
Accepting  this,  a  common  and  even  simpler  alternative  is  the  determination  of 
^ijQ  or  the  exercise  load  that  is  achieved  at  a  heart  rate  of  170  (9^,88).  In 
this  procedure,  one  determines  the  position  of  the  line  (and  therefore  the 
level  of  aerobic  capacity)  by  a  measurement  at  one  point  on  the  line.  There 
are  many  variations  of  these  two  common  procedures  (1,3,^,21,23,29,79,80)  too 
numerous  to  elaborate  on  here.  Both  can  be  applied  to  either  cycle  ergometry 
or  graded  stepping  exercise.  While  a  stepping  test  requires  less  expense,  a 
cycle  test  to  predict  maximal  0^  uptake  is  recommended  due  to  the  greater 


FIGURE  7.  SCHEMATIC  OF  PROCEDURE  FOR 
PREDICTION  OF  V02max  BY  THE 
SUBMAXIMAL  HEART  RATE 
EXTRAPOLATION  TECHNIQUE 
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submaximal  exercise  Is  used  in  regression  equations  Incorporating  . ean  sody 
mass  or  percent  fat  has  been  shown  to  five  a  good  correlation  with  measured 
maximal  0^  uptake  (18,19)  and  best  time  on  a  1.5  mile  run  50a ' .  Such  an 
approach  has  been  used  with  success  by  the  Belgulm  Air  Force.  Estimation  of 
aerobic  capacity  from  post-exercise  (recovery)  heart  rates  Is  not  recommended 
and  generally  unnecessary  with  the  wide  availability  of  electronic  heart  rate 
detectors. 

NATO  VO^max  prediction  test. 

The  most  commonly  used  procedure  for  predicting  VO^max,  the 

Astrand-Ryhming  Cycle  ergometer  procedure  (H),  has  often  given  disappointing 

results.  With  the  goal  of  Improving  upon  this  procedure,  a  NATO  Research 

Study  Group  on  Physical  Fitness  set  about  to  devise  a  test  which  would  give 

closer  agreement  to  measured  VO^max.  A  procedure  was  desired  to  estimate 

maximal  0^  uptake  that  did  not  require  the  assumptions  of  maximal  heart  rate 

related  to  age  or  was  not  subject  to  abnormal  variations  in  the  heart  rate  - 

exercise  intensity  relationship.  A  proposal  was  developed  for  a  new  test 

which  was  referred  to  as  "NATO  I",  based  on  a  rapid  increase  in  load  as  later 

reported  by  Ulmer  (88).  This  procedure  employed  a  cycle  ergometer  which  was 

pedalled  at  75  rpm  with  the  intensity  increased  37.5  watts  each  minute  until 

inability  to  continue.  Thus,  it  avoided  any  assumptions  concerning  heart 

rate  responses  and  estimated  maximal  0^  uptake  from  the  highest  exercise  load 

that  could  be  achieved  in  an  Incremental  load  test.  Ulmer  has  suggested  (88) 

that  the  NATO  I  test  be  hereafter  referred  to  as  the  W  test. 

nsx 

Since  its  introduction  by  Ulmer  (88),  the  W  test  has  been 

'  max 

extensively  investigated  by  a  number  of  NATO  participants  (69,62,27,35,70) 


and  compared  to  measured  maximal  0^  uptake  with  good  results.  Table  7 


contains  correlation  coefficients  between  W  and  measured  V0_max  and  other 

max  2 

predictive  tests. 

The  W  test  results  can  be  presented  in  absolute  terms  as  the 
max 

highest  wattage  or  exercise  time  achieved,  or  these  scores  can  be  converted 
into  VO^max  values  through  derived  regression  equations  (17,35,69,62).  Such 
equations  are: 

Eq.  #1  VO^max  -  0.012  watts  -  0.099  Ref.  69 

r  -  0.89 

Eq.  #2  V02max  «  0.301  minutes  +  1.2*17  Ref.  62 

r  -  0.79  SEE  -  0.250 

Eq.  #3  VO^max  «  0.353  minutes  +  0.825  Ref.  17 

r  -  0.61  SEE  -  0.*46l 

Eq.  #**  VO^raax  -  O.illil  minutes  +  0.775  Ref.  35 

r  -  0.68  SEE  -  0.367 

VO^max  is  expressed  in  liters  per  min  in  each  case. 

Maximal  Intensity  tests  are  not  always  possible  or  suitable  and 

therefore  a  submaxlmal  version  was  developed,  referred  to  as  NATO  II.  This 

procedure  employs  the  same  exercise  conditions  as  W  but  uses  as  the  end 

max 

point  the  exercise  intensity  achieved  at  a  heart  rate  of  190  minus  age. 
Additional  evaluations  and  clarifications  of  these  two  tests  have  been 
reported  (85a,  86). 

Field  Tests 

While  ergometers  are  typically  used  to  sample  aerobic  fitness  of 
selected  populations  on  entrance  testing  in  our  military  forces,  they  are 
seldom  used  for  periodic  fitness  evaluation  of  troop  populations.  Such  tests 
for  this  purpose  have  included  the  one  mile,  one  and  one-half  mile  or  two 


TABLE  7  Correlation  coefficients  between  the  NATO  I 

(Wmax)  test  and  other  measured  and  predictive 
tests  of  V02inax  In  male  soldiers. 
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mile  run  for  time  or  the  15  minute  for  distance  tests.  The  correlation 


coefficients  between  these  tests  and  measured  VO^max  generally  range  from  0.6 
to  0.8.  Under  optimal  conditions,  they  can  range  as  high  as  0.9.  Thus  timed 
runs,  particularly  1. 5-2.0  miles,  are  considered  good  estimates  of  aerobic 
capacity  if  the  individuals  are  motivated  to  do  well. 

Brue  (13)  has  recently  reported  a  new  and  unique  version  of  a  run  test 
for  VO^max  estimation.  The  procedure  involves  a  series  of  runs  on  a  tract  at 
progressive  velocities  (running  speeds).  The  speeds  are  precisely  set  by  a 
cyclist  which  the  runners  follow.  VO^  is  estimated  from  the  known 
relationship  with  speed  as  in  treadmill  running  and  VO^max  determined  from 
the  highest  running  velocity  that  the  runner  can  achieve. 

Summary 

In  summary,  the  optimal  measurement  of  aerobic  capacity  is  by  the 
actual  gas  analyses  determination  of  maximal  oxygen  uptake  by  interrupted 
load  uphill  treadmill  running.  Other  tests  in  priority  of  desirability  would 
be  continuous  load  treadmill.  Interrupted  load  cycle  ergometer  and  continuous 
load  cycle  ergometer.  If  actual  gas  measurement  of  oxygen  uptake  is  not 
possible,  then  the  NATO-I  test  employing  a  cycle  ergometer  is  the  next  method 
of  choice.  If  a  maximal  test  cannot  be  utilized,  the  NATO-II  version  is 
recommended. 

Aerobic  Performance 

The  discussion  thus  far  has  dealt  exclusively  with  the  measurement  and 
estimation  of  aerobic  capacity,  i.e.,  maximal  O2  uptake.  However,  it  is  well 
known  that  performance  of  aerobic  type  tasks  or  events,  such  as  long  marches 
or  marathon  runs  are  not  solely  a  function  of  aerobic  capacity  but  also 
include  other  physiological  factors  that  relate  to  the  utilization  of  energy 
substrates  (38).  This  latter  component  is  thought  to  be  related  to  the 


ability  of  the  exercising  muscles  to  aerobically  utilize  lipids  and 
carbohydrates  and,  conversely,  its  ability  to  avoid  the  anaerobic  metabolic 
pathways  of  glycogen  utilization  which  results  in  blood  lactate  accumulation. 
Thus,  the  higher  the  capacity  of  the  body  to  use  aerobic  pathways,  the  higher 
the  capacity  will  be  to  perform  aerobic  tasks  or  events  before  they  are 
limited  or  terminated  by  excess  muscle  tissue  acidity  or  depletion  of 
carbohydrates  reserves.  The  latter  can  be  conserved  if  the  body  has  a 
greater  capacity  to  aerobically  metabolize  lipids.  In  summary,  aerobic 
performance  is  a  function  of  a)  aerobic  power  (VO^max)  and  b)  capacity  to 
aerobically  metabolize  lipids  and  carbohydrates.  This  latter  capacity  is  a 
function  of  the  chemical  makeup  of  the  muscle  fibers. 

A  great  deal  of  research  has  been  carried  out  to  develop  a  simple 
physiological  test  of  this  muscle  metabolic  capacity.  The  results  of  this 
research  has  led  to  a  measure  which  is  commonly  referred  to  as  "anaerobic 
threshold"  (^JO).  This  is  an  unfortunate  term  in  that  it  is  really  a  measure 
of  aerobic  metabolic  capacity,  not  anaerobic.  Anaerobic  threshold  is  defined 
as  the  point  of  exercise  Intensity  where  blood  lactate  begins  to  accumulate 
above  resting  levels.  Thus,  the  higher  the  aerobic  metabolic  capacity  of  an 
Individual  or  the  higher  the  individual  can  exercise  without  lactate 
accumulation,  the  higher  the  anaerobic  threshold  value.  Untrained 
individuals  have  a  threshold  at  a  work  intensity  of  about  50t  VO^max  while 
highly  trained  aerobic  endurance  athletes  will  have  lactate  thresholds  of 
about  80?  VO^max.  In  other  words.  Individuals  who  have  a  high  capacity  for 
aerobic  performance  not  only  have  high  maximal  0^  uptakes  but  they  can  also 
exercise  at  higher  exercise  intensities  (utilizing  a  greater  percentage  of 
lipid  substrates)  before  accumulating  blood  lactate  and  muscle  acidosis. 


A  number  of  procedures  have  been  reported  to  identify  the  anaerobic 
threshold.  Optimally,  one  performs  a  series  of  progressively  increasing 
submaximal  exercise  loads  with  blood  lactate  being  measured  at  each  step. 
The  work  intensity  at  which  lactate  deviates  from  resting  levels  can  be  used 
as  the  threshold  value.  Others  (51)  have  used  the  level  of  a  fixed  lactate 
value,  millimoles,  as  the  threshold  point.  Others  (93)  have  used 
respiratory  parameters  which  are  closely  linked  to  lactate  acidosis. 
Regardless  of  which  procedure  is  selected,  there  seems  little  doubt  that 
aerobic  metabolic  capacity  as  indicated  by  blood  lactate  accumulation  is  a 
strong  Indicator,  independent  of  VO^,  of  the  body's  capacity  for  aerobic 
activities. 

Values  of  Aerobic  Power  in  Military  Populations 

Table  8  presents  a  compilation  of  available  data  on  measured 
maximal  oxygen  uptake  in  military  populations.  Several  observations  can  be 
made  from  these  data.  First,  comparisons  of  results  using  different 
procedures  are  difficult  at  best.  It  Is  obvious  that  the  walking  Balke  test 
gives  lower  values  than  the  Interrupted  running  procedure.  Comparison 
studies  (26)  Indicate  that  walking  tests  must  be  corrected  upward  by  10$  to 
be  comparable  to  running  tests.  Treadmill  gives  approximately  1%  higher 
values  than  the  cycle  ergometer.  Interrupted  loads  are  1-2$  higher  than 
continuous  loading.  Secondly,  aerobic  capacity  declines  with  age,  even  to 
some  degree  in  well  trained  individuals.  This  is  illustrated  in  Figure  8 
with  data  taken  from  Vogel,  et  al  (91)  and  also  reported  by  Hermansen  (32). 
Dehn  and  Bruce  (16)  found  a  mean  0.9**  ml*kg  ^•mins  ^  decline  per  year  in  a 
longitudinal  study  of  aging.  Thirdly,  females  have  an  aerobic  capacity  30$ 
less  than  males  on  an  absolute  basis  (il*min  ^),  25$  less  on  a  body  weight 
basis  and  12$  on  a  lean  body  mass  basis. 
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Table  9  presents  a  selection  of  reported  military  population  data  on 
maximal  oxygen  uptake  by  predictive  methods.  Caution  must  be  observed  in 
comparing  these  values  with  the  measured  values  presented  in  Table  8. 

Aerobic  Fitness  Training 
General 

The  response  of  aerobic  capacity  to  physical  training  depends  on 
such  factors  as:  a)  beginning  level  of  fitness  b)  frequency  of  training,  c) 
intensity  of  training,  d)  duration  of  training  session  and  e)  mode  of 
training.  Previously  sedentary  personnel  who  are  at  a  low  percentage  of  their 
potential  maximal  0^  uptake  will  exhibit  a  greater  response  to  a  training 
program  than  previously  active  individuals  who  are  close  to  their  potential 
aerobic  capacity.  Female  recruits  typically  show  a  greater  improvement  than 
males  for  this  reason.  Generally  speaking,  a  5-10?  improvement  in  maximal  0^ 
uptake  can  be  expected  on  the  average  during  a  2  month  training  program. 
Improvements  of  10?  or  greater  usually  take  3  months  or  more  of  intense 
training.  Gains  greater  than  15?  are  not  generally  observed  in  the  military 
setting . 

Training  frequency  should  be  3-5  times  per  week.  Less  than  three 
times  results  in  some  loss  between  sessions  while  more  than  five  times  may 
precipitate  an  excessive  injury  rate.  The  intensity  of  training  depends  upon 
whether  an  improvement  is  desired  or  whether  a  level  is  to  be  maintained. 
Intensities  represented  by  60-80?  of  maximal  heart  rate  are  typically  used. 
Duration,  again,  depends  on  the  training  objective  but  typically  ranges  from 
20-60  minutes,  the  former  generally  considered  a  minimum  as  a  training 
stimulus.  The  mode  or  type  of  training  is  selected  to  utilize  large  muscle 
masses  in  a  rhythmic  fashion  so  that  cardiac  output  and  oxygen  transport  are 
taxed.  Running,  ba::kpacking,  swimming  and  cycling  are  examples  of  aerobic 


TABLE  9  Predictive  values  of  maximal  0~  uptake  of  military  populations 
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training  modes.  Weightlifting  resistance  training  and  calisthenics  are 
Ineffective  aerobic  training  procedures.  The  literature  on  aerobic  training 
is  very  extensive  and  will  not  be  reviewed  here.  Pollock  (73)  reviews  the 
factors  influencing  the  responses  to  aerobic  training. 

BODY  COMPOSITION 
Relat i on  to  Fitness 

Although  not  a  component  of  fitness  as  defined  in  this  chapter, 
the  absolute  and  relative  amounts  of  body  fat  and  lean  body  mass  are 
importantly  related  to  exercise  capacity.  An  earlier  paragraph  pointed  out 
that  muscle  mass  is  a  primary  determinant  of  strength  and  that  there  is  a 
high  correlation  between  lean  body  mass  and  lifting  capacity. 

The  degree  of  body  fatness  appears  to  be  negatively  correlated 
with  aerobic  power  when  expressed  on  a  body  weight  basis.  Vogel  (89) 
reported  a  correlation  coefficient  of  -0.52  in  a  group  of  309  soldiers  who 
were  not  highly  trained  and  Smith  and  Searing  (80a)  showed  a  similar 
relationship  in  a  mixed  group  of  sailors.  This  correlation  tends  to 

disappear  in  groups  who  are  well  trained  and  thus  more  homogeneously  fit  and 
lean.  Body  fat,  particularly  in  excess  of  15?  of  body  weight  in  men, 
represents  an  added  "dead  weight"  which  must  be  supported  by  the  active 
muscles  during  walking  and  running  and  therefore  detracts  from  the  level  of 
aerobic  capacity  when  it  is  expressed  on  the  basis  of  maximum  oxygen  delivery 
per  kilogram  of  body  weight. 

Body  composition  also  serves  an  important  role  when  contrasting 
various  fitness  components  between  males  and  females  or  groups  of  different 
stature.  In  such  cases,  differences  in  exercise  capacity  may  be  largely  or 
partly  accounted  for  simply  by  differences  in  body  weight,  body  fat  or  muscle 
mass.  In  weight  supported  exercise  on  the  cycle  ergometer,  absolute  VO^ 
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values  are  more  meaningful  as  contrasted  to  weight  supported  treadmill 
exercise  where  VO^  per  kg  body  weight  is  more  suitable.  In  comparing 
strength  of  women  and  men,  both  absolute  force  development  as  well  as  force 

per  kg  of  lean  mass  are  employed  depending  on  the  use  of  the  information. 

•  -1 

In  summary,  VO^max  expressed  in  t*min  provides  a  measure  of  the 

total  amount  of  aerobic  power  the  body  can  produce.  This  will  be  positively 

influenced  by  the  absolute  quantity  of  muscle.  For  the  same  level  of 

training  and  fat  content,  muscular  Individuals  are  likely  to  out  perform  less 

muscled  persons  when  significant  amounts  of  weight  are  carried.  This  is  due 

to  the  proportionally  smaller  "dead  weight"  being  being  carried  by  the  more 

muscular  Individual.  The  greater  the  load  the  more  relevant  is  the  use  of 
•  —  *1  • 

VO^max  in  2, 'min  as  compared  to  minimal  loads  where  VO^max  adjusted  by  body 
weight  (ml  ^‘kg  ^‘mln  is  recommonded. 

VO^max  expressed  per  kg  body  weight  provides  a  measure  of  a  person's 
ability  to  carry  his  own  weight,  e.g.  during  unloaded  running.  This  will  be 
negatively  influenced  by  a  high  body  fat  content,  muscular  and  non-muscular 
personnel  would  be  expected  to  perform  similarly.  VO^max  expressed  per  kg 
lean  body  mass  provides  a  measure  of  aerobic  fitness  regardless  of  body  mass, 
lean  mass  or  gender.  Military  commanders  should  be  aware  of  these 

differences  and  potential  problems  of  using  units  inappropriate  to  the 
situation. 

Measurement 

Body  composition  can  only  be  measured  indirectly  in  the  living 
body.  Of  indirect  methods,  hydrostatic  weighing  to  determine  body  density  is 
most  commonly  used  as  the  standard.  This  technique  is  coming  increasingly 
under  criticism  because  of  the  limited  data  upon  which  specific  gravity 
calculations  are  made  and  particularly  how  they  may  vary  between  ethnic 
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groups.  An  alternative  to  body  density  is  the  estimation  of  several  body 
compartments  such  as  muscle  mass  by  K  counting,  bone  density  by  dual  beam 
photometry  and  body  water  by  isotopic  labeling  or  alcohol  dilution. 
Electrical  impedance  is  currently  being  evaluated  to  estimate  body  water  and, 
in  turn,  body  composition. 

Outside  the  laboratory,  equations  using  simple  measures  have  been 
empirically  developed  to  predict  either  percent  body  fat  on  lean  body  mass. 
Most  common  are  those  using  three  or  more  skinfold  thickness  measurements 
(28).  The  Durnln-Womersley  age  and  gender  adjusted  tables  are  currently 
widely  used  throughout  the  NATO  Forces  (20).  These  tables  employ  four 
sklnfolds,  the  biceps,  triceps,  subscapular  and  suprailiac  sites. 

Berres,  Ulmer  and  Lamberty  (7a)  have  derived  equations  for  the 
Durnin-Womersley  tables: 

Eq.  5.  Male:  tfat  -  (4.95/1 . 1739-0.06227. log(B)  -  0.000555. A) 

-4.5  X  100 

Eq.  6.  Female  =  $  fat  -  (4.95/1 .1572-0. 0647. log(B)  -  0.00038. A) 

-4.5  X  100 

Where  A  is  the  age  in  years  and  B  is  the  sum  of  the  four  skinfold  thicknesses 
in  mm. 

Despite  improvements  in  the  use  of  th  caliper  (47),  the 
measurement  of  skinfolds  by  the  caliper  technique  suffers  from  a  significant 
disadvantage  when  applied  to  widespread  field  use,  that  is  the  large 
variation  among  measurers.  In  the  U.S.  this  has  led  to  the  search  for  other 
suitable  anthropometric  indicators  that  can  be  more  reliably  measured  and  yet 
are  predictive  of  body  fat.  Hodgdon,  et  al  (36,37)  has  reported  good  results 
with  height  plus  circumference  measurements  in  both  males  and  females: 


Eq.  7.  Male:  Body  density  =  -[.19077  X  Abdomen  circumf.  - 

neck  circumf.)]  +  [.15^56  X  log^Q( height)]  +  1.0324 
Eq.  8.  Female:Body  density  -  -[.35004  X  log^^Cabdomen  +  hip  - 

neck  circumf .)]+[ .221 00  X  log^Q(height)]+  1.29579 
Density  is  converted  to  percent  body  fat  according  to  the  Siri  equation:  %  BF 
=  (4.95/density  -  4.5)  x  100.  These  equations  are  newly  developed  and  some 
caution  should  be  observed  until  further  experience  has  been  gained  from 
their  use. 
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TABLE  10  Percent  body  fat  values  of  military  populations 


Subjects 

Method 

%  Body 
Males 

US  Army  recruits  -  pre 

Ref.  20 

16.3 

-  post 

1A.5 

US  Army  recruits  -  pre 

Ref.  20 

Age  17-20 

15.3 

20-25 

16.1 

25-30 

18.1 

30-35 

11. k 

US  Army  Infantry 

Ref.  20 

Age  40- A 1 

25.0 

A2-A3 

26.6 

AA-A5 

26.9 

A6-A7 

26.2 

A8-A9 

23.8 

50-51 

26.5 

British  Army  recruits  -  pre 

Ref.  28 

1A.2 

-  post 

12.9 

British  soldiers,  n  -  55 

Hydrostatic 

weighing 

12.5 

US  Infantry  age  17-20 

Ref.  20 

15.8 

21-25 

. 

17.9 

26-30 

19.3 

31-35 

•  * 

20.0 

Dutch  Army  professional  entrees 

Ref.  20 

15.2 

US  Officer  cadets 

Body  volume 
displace 

1A.5 

British  soldiers,  n  •  3,070 

Ref.  28 

17.6 

Fat 

Females 


28.2 

26.2 


27.7 

28.8 
28.3 
31.0 


26.5 

23.6 


British  soldiers,  n  •  3,070 
US  Naval  personnel,  age  18-56 


Hydrostatic 

weighing 
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